PCX 



WORLD IhTTELLECnjAL PROPERTY ORGANIZATION 
uitemational Bureau 



INTERNATIONAL APPUCATON PySLISHED UNDER THE PATENT COOPERAnON TREATY (PCD 



(51) International Patent Classification ^ : 
GOIK 1/18, 13/00, 7/42 



(11) International PubUcation Number: WO 98/50766 

(43) International Publication Date: 12 November 1998 (12.1 1.98) 



(21) International Application Number: PCT/IL98/(X)193 

(22) IntemaUonal FUing Date: 23 April 1998 (23.04.98) 



(30) Priority Data: 
120758 



I May 1997(01.05.97) 



IL 



(71) Applicant {for all designated States except US): h/[ED\SlM 

LTD. PITILJ; Technology Park, Manhat, 96251 Jerusalem 
(IL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): YARDEN, Moshc [SLfTLV 
Hacalanit Street 46, 90805 Mcvascrct Zion (IL). TEICh! 
T., Sorin [lUIL]; Hahadarim Street 4, 56524 Savion (IL) 
VADAI. flan {TUIL]; Ben Zvi Street 39. 52247 Ramat Gan 
(IL), 

(74) Agent: NOAM, Meir, P.O. Box 34335, 91342 Jerusalem (IL). 



(81) Designated States: AL, AM. AT, AU. AZ, BA. BB, BG BR 
BY, CA, CH, CN, CU, C2. DE, DK, EE, ES, H. Gb! GE* 
GH, GM, GW. HU, ID, IL, IS, IP, KE, KG, KP, KR. KZ 
LC, LK, LR, LS, LT, LU, LV. MD, MG, MK. MN. Mw' 
MX, NO, N2, PL. PT, RO, RU, SD, SE, SG. SI, SK, Sl! 
TJ, TM. TR, TT, UA, UG, US. UZ, VN, YU. ZW, ARIPO 
patent (GH. GM. KE. LS, MW. SD, SZ. UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ. MD, RU. TJ. TM). European 
patent (AT. BE. CH. CY. DE, DK, ES. H, FR. GB, GR 
IE, n. LU. MC. NL, PT, SE), OAPI patent (BP, BJ, Cf' 
CG. a. CM, GA. GN. ML, MR, NE, SN. TD, TG). 

Published 

With international search report. 



(54) TiUe: A HIGH SPEED ACCURATE TEMPERATURE MEASURING DEVICE 
(57) Abstract 

The present invention 
relates to a high speed accurate 
temperature measuring device 
especially useful for measuring 
human body temperature, 
comprising (a) an elongated 
temperature probe, (b) a first 
temperature sensor located 
beneath the surfticc of the 
probe, (c) at least one second 
temperature sensor located 
within the probe and parallel to 
the first sensor, (d) a thermal 
insulation member located 
between the first sensor and 
the second sensor (or sensors), 
(e) a data processing unit 
connected to the fint and second 
temperature sensors calculating 
the body temperature according 
to heat flux measured between 

%^nX" '^"^ ''^^^ ^ — (or sensor), and (0 a data display connected to the data 




A fflGH SPEED ACCURATE TEMPERATURE MEASURING DEVICE 



FIELD OF THE INVENTION 

The present inventioii generaUy relates to a high speed accurate temperature 
measuring device which is especiaUy useful for measuring the temperature of a 
low thermal conductivity cavity hereinafter caUed "body" (e.g. human body). 
More specificaUy the present invention relates to a high speed accurate 
temperature measuring device wherein the body temperature is calculated 
according to heat flux measured between the body and a iBrst temperamre sensor 
location and between the first temperature sensor and a second temperature 
sensor (or sensors) location. 



BACKGROUND OF THE INVENTION 



Every temperature measuring process involves the transfer of heat firom the 
measured body to the measuring device probe. Heat may be transferred in three 
ways; by conduction, by convection and by radiation. The method of the present 
invention measures heat convection as weU as heat conduction (such as in 
streaming air or Uquids). Radiation heat measurement lacks accuracy since 
achieving accuracy is dependent bn earher knowledge of constants that are not 
known with a high certainty. 

Most temperature measuring devices utilizing convection or conduction require 
the temperature measuring sensor to come into thennal equilibrium with the body 
being measured. When the body being measured is a poor heat conductor, the 
time to reach equiHbrium (with the temperature measuring sensor) may be 



4e™.odyn^c necessity. Shortening of this waiting toe is always a. the 
expense of the accuracy of measurement. 

TT-e device of the present invention ehnnnates dns waiting tin.e. Instead of 
d^ecfly .easnring the ten.pera.nre (which requires waiting for eqnilibriun.) the 
device of the present invention calculates the temperatnre by predicting 
temperatnte sensor n>easnxen>ents. Tiis prediction relies on a heat transfer 
equation, and preferably a heat conduction equation whereby the body 
tempennn. is calculated according to heat fla-c measured (a) between the body 
and a fe. temperance sensor and (b) between ti>e first ,en.pera«.e sensor and a 
second temperan^ sensor (or sensors). Since firstly the heat flux measnrements 
do not require w^ting for ti.ermal equilibriuna and secondly the calculation per se 
.s perfonned in real tin.e on a standard micro-processor, the device of the present 
mvention can rapidly display the accurate temperature of the body 
Following is a detailed explanation of deriving the essential equations (embodied 
™thm ti.e algorithm used by the data processing unit according to the present 
inventon) . 
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The Conduction Heat Transfer Equation (one dimensional without heat sources, 
since the heating body of the present device is not operated during the 
temperature measurement): 



^ dT -d(,dT\ 



This equation represents heat flux differences between the inlet and the outlet of 
the body under discussion. 



dT 



1 



dt pC^bx ^ dXi„ dXau, 



where one dimensional heat flux (Q) is defined as the constant "A" times the 
change m temperature dT with regard to a change in position dx : 



0 = -k^ 
AX 



Using finite differences equation (*) can be written : 



If: 



Then 



and 03 =• 



If there are two heat sensors wMch is located at and ^S," which is 
located at x„„ , and these sensors are separated by a finite distance having a 
known thermal conduction coefficient (e.g. a thermal insulation member), and 
"5," is m thermal contact with the body, and "5," is within a thermal probe ,and 
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the body is located at x„-^Ar then from (♦.) i, is ekarly seen that 
approximately : 

Tie temperature rise as evaluated at location defined as heat in 

from the body <o, times : [(r„) minus (7, )] minus times heat out from flie 
probe [(j;) minus (j;^)}. 

The device of the present mvention solves this equation for tiie unkno™ T m 

body 5 

, according to measured temperatures representing the heat fluxes, wdthout 
any need to wait for thermal equilibrium. 



SUMMARY OF THE INVENTION 

The present invention relates to a high speed accurate temperature measuring 
device especially useful for measuring human body temperature, comprising (a) 
an elongated temperature probe, (b) a first temperature sensor located beneath the 
surface of the probe, (c) at least one second temperature sensor located within the 
probe and parallel to the first sensor, (d) a thermal insulation member located 
between the first sensor and the second sensor (or sensors), (e) a data processing 
unit comiected to the first and second temperature sensors calculating the body 
temperature according to heat flux measured between the body and the first 
sensor and between the first sensor and the second sensor (or sensors), and (f) a 
data display connected to the data processing unit. 
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DETAILED DESCRIPTION OF THE INVENTION 

He present invention relates to a high speed accurate temperature measuring 
device especially useful for measuring the human body temperature. The devici 
of the present invention is Ukewse usefiil for measuring animal body 
temperatures and for measuring the temperature of any low thermal conductivity 
cavity. 

The device of the present invention is comprised of: 

(a) An elongated temperature probe. This probe is for insertion into a body cavity 
(in the present invention, the term "body cavity" also refers to the annpit; month 
cavity and rectum). Th., probe has a rounded insertion tip to faciHtate safe 
insertion into delicate body cavities. 

(b) A first temperature sensor. This first sensor is located beneath the surface of 
the probe near the insertion tip (to facilitate minimmn depth insertion). 

(c) At least one second temperature sensor. This second sensor is located within 
the probe and parallel to the first sensor. 

(d) A thermal insulation member. Tins member is located between the first sensor 
and flie second sensor (or sensors). It should be emphasized (as will be 
described) that fte whole stucture of the sensors and insulation members is 
preferably rolled up. 
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W A data processing unit Th- . 

acceding to Heat ""^'"'^^ ealcu^ . ' 
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are photo-etched onto a single flexihl. u 

P-be and .he.hy held i„ a. Je^ ^ -° *»io„g„ed 

required flux measurements). *° ^'"'"'^'^ Cor three) 

l^e elongated probe of the device of th. 

7°^^^~--^shthe.naicond:c::;;:t^ 

elongated probe should also relate tn • "^^'"'""^ the 

cleaning or steril^^n r '"^"^ °f use such a. 

or stenhzmg (m case of medical use) ^^'^ 
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The present invention will he ^ 
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~n and are not " 'Ilr ^^^^-^ ^ 

"'a^er. °f & invention in any 

H-,iHnst.esasche.a.ccrossse.ono.aninser,edprohe. 
'"""^^-~-uo.thea..edsensors. 
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Figure 3 is a flow chart of the operational procedures used in a high speed 
accurate temperature measurement device. 

Figure 4 illustrates diagram of the analog circuit segment of the device. 

Figure 5 illustrates a diagram of the digital circuit segment of the device.. 

Figure 1 illustrates a , schematic cross section of an inserted probe. A metal cased 
temperature probe (1) inserted within a cavity of the human body (2) is shown. A 
three part assembly is comprised of a first sensor (3) separated fi-om a second 
sensor (4) by a thermal insulation member (5). This three part assembly is located 
near the inserted tip of the probe, wherein one side of the first sensor in thermal 
contact with the metal casing of the temperature probe, and with the second 
sensor near the axis of the probe. A heating (coil) element (6) is located within 
the insulation member. Furthermore the optional third sensor (7) is shown. 

Figure 2 illustrates an isometric cross section of the aligned sensors. A curved 
three part assembly (of confonnal shape to the curvature of the probe in which it 
is to be inserted - see Figure 1) is comprised of a first sensor (3) (designated in 
the equation as "j;") separated firom a parallel second sensor (4) (designated in 
the equation as 'T^") by a thermal insulation member (5) of width "Z". Thus in 
tiie equation Q-k{dridX) (see background section) "^fT" is equivalent to (7;- 
2;) or to T^^-T^ and "c£3f " is the final distance along the "X" axis. 
The first sensor is connected to the circuitry of the data processing unit (see 
figure 5) by electric contacts (8) and (9). The second sensor is connected to the 
circuitry of the data processing unit (see figure 5) by electric contacts (10) and 
(11). The data processing unit (including any required analog to digital 
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conversion circuits, a power supply (e.g. battery) is in turn connected to a data 
display (see figure 5). 

Figure 3 is a flow chart of the operational procedures used in a high speed 
accurate temperature measuremetit device. After the device is activated a heating 
element within the probe, the heating element pre-heats (12) the probe to 
approximately 34 to 38°C (in measuring the human body temperature) data 
readings are taken fonn the two sensors for approximately 3 to 4 seconds (13), 
and firom these measurements the data processing unit calculate (14) the body 
temperature converged to a constant range of e hmit. If the calculated body 
temperamre is not within an acceptable range for body temperatures (15), then 
additional temperature measurements are taken fi:om the two sensors for 
approximately 0.5 seconds and the calculation step (14) is repeated. If the 
calculated body temperature is within an acceptable range (16), then the 
calculated body temperature is displayed (17) on the data display. 

Figure 4 iUusttates a diagram of the analog circuit segment of the device. This 
circuit's purpose is to sample temperature and to activate the heating element. 
The circuit is connected to two sensors (with an option for a third sensor), a 
heating element and to the digital circuit in order to relay the data samples and in 
order to digitally process the data. The connections to the sensors and to the 
heating element are shown (18). Each sensor has a separate circuit. Each 
sensor's signal, arriving in a very low voltage (a total of 100 ^V), is relayed to a 
noise filter (19) and (20). The signals are then amplified m (21) and (22), and are 
relayed to the analog circuit segment's exit (23). 
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Figure 5 illustrates the digital circuit segment of the device. This circuit's 
purpose is to control the whole operation of pre - heating and activating the 
analog segment, to produce measurements, to receive amplified and filtered 
signals firom the analog circuit segment, to convert them to binary (digital) 
values, to perform the required mathematical calculations and to display the 
calculated temperature. 

The input fi-om the analog circuit is shown (23). The multiplexer unit (24) 
accepts the analog data and serially passes it to be A/D converter (25) that 
quantifies the voltages to. binaiy (digital) values. The microprocessor (26) 
calculates the temperature and also controls the circuit's running of the program. 
The display unit (27) is shown and other circuit element segment that supply a 
stable electronic working environment for the micro processor.. 
The data processing unit can now be attached to the appropriate electric contacts. 
Then the substrate is rolled (or folded) so as to align the two sensors in parallel 
having an insulation member placed between the sensors. The thus aligned 
sensors with their insulation member are inserted into the elongated probe and 
thereby held in alignment Then the data processing unit, data display, battery 
and appropriate holders and connectors can be inserted into the region of the 
probe distant from the insertion tip, and the probe can be hermetically sealed for 
appropriate sanitary uses as a temperature measuring device especially useful for 
measuring human body temperature. 
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CLAIMS 



1. A high speed accurate temperature measuring device especiaUy useful for 
measuring human body temperature, comprising an elongated temperature probe 
for insertion into a body cavity and said probe has a rounded insertion tip, a &st 
temperature sensor located beneath the surface of the probe near the insertion tip, 
at least one second temperature sensor located within the probe and parallel to 
the first sensor, a thermal insulation member located between the first sensor and 
the second sensor, a data processing unit connected to the first and second 
temperature sensors calculating the body temperature according to heat flux 
measured between the body and the first sensor and between the first sensor and 
the second sensor, and a data display connected to said data processing unit 

2. A device according to claim 1 having in addition a heating element located 
within the temperature probe, and said heating element is preheating the probe to 
a predetennined temperature and in measuring the human body temperature, to 
approximately 34 to 3Z°C. 



3. A device according to claims 1 having a third sensor located within the probe 
and paraUel to the first sensor, said third sensor being connected to the data 
processing unit, and said data processing unit m addition calculating the body 
temperature according to heat flux measured between the first sensor and the 
third sensor. 

4. A device according to claims 1 and 2 wherein the first sensor, the second 
sensor, and the heating element are photo-etched onto a single flexible substrate. 
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5. A device according to claims 3 and 4 wherein the third sensor is photo-etched 
onto the flexible substrate havmg the first sensor, the second sensor, and the 
heating element 

6. A device according to claims 4 or 5 wherein the substrate is rolled or folded so 
as to aligQ the two sensors in parallel having an insulation member placed 
between said sensors, and the thus aligned sensors with their insulation 
intemiediary are inserted into the elongated probe and thereby held in alignment. 

7. A device according to claim 1 wherein the elongated probe is made of metal or 
other similar materials good for theraial heat conduction. 

8. A high speed accurate temperature measuring device substantially as 
hereinbefore described and illustrated. 
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